Abstract
Introduction
The three systems most commonly used for facilitating asynchronous information flow within a group are electronic mail, the online bulletin boards, and searchable storage archives [5] . As information technologies have evolved, the capability of these systems has evolved through four generations of the type of message contents: Figure 1 . Multimedia bulletin board message on the topic of "Visiting San Francisco" text only, text plus attachment, rich text and embedded graphics, and embedded pointers to database objects [7] . The Multimedia Bulletin Board (MBB) was designed and implemented as a prototype of the next generation asynchronous information system that enables rich communication and collaboration among people using multimedia objects such as text, image, moving picture, sound, voice, web, document, and miscellaneous files. Figure 1 shows an example of the MBB messages on the topic of "Visiting San Francisco" composed by multiple users. One user triggered the discussion by asking for some good places to visit, such as restaurants and clubs. Several users answered the question and made comments on the posted messages with maps, images, web pages, moving pictures, texts, and so on. The layout properties of the multimedia objects such as x-y position, size, z-order, partial occlusion, explicit links, spatial distances among the objects, etc. represent useful and important information on the user-dynamics related to the specific story threads or the discussion topics on the board. However, the fixed layout (manually created by multiple users) may prevent users from extracting and identifying information. For example, users might be interested in such tasks as "I'd like to see the linear list of restaurants that people recommended with their related web pages and pictures", "I'd like to see all the landscape pictures posted, placing them around the San Francisco area map with reasonable size without overlapping", "I'd like to see how two specific people interacted with each other in this board", and so on. There is no easy way to perform these tasks with the fixed layout of a board, and even if the layout is not fixed it is a tedious and time-consuming job for users to change the whole layout manually every time they need a different layout.
In practice, users create meaning by organizing the space [4] . There are many ways to lay out the same set of messages. There is no "right" layout; rather, the layout is very personal, has meaning for the individual who creates it. Therefore, the main challenge was to design and implement a novel user interface that makes it easier for end-users to restructure the layout of existing multimedia messages on the board and create new layouts of messages.
With multimedia information, designers are beginning to understand what forms of two-dimensional displays are needed and explore novel possibilities. For example, MS Powerpoint allows only a row-by-column sequential ordering of slide thumbnails, but newer tools, such as Counterpoint [1] enable richer possibilities. Counterpoint users can have circular, oval, or hierarchical displays that reveal the structure of a presentation and allow greater flexibility in preparing and presenting a slide show. Photo browsers are also expanding from row-by-column displays that are found in ACDSee (www.acdsystems.com), PhotoSuite (www.mgisoft.com), and web tools such as Ofoto (www.ofoto.com). PhotoFinder [6] offers four collection viewers that allow user control of size and placement or automatic placement by ranking, date, numbers of people, etc. FotoFile [2] uses a hyperbolic tree for photos. Other innovations include 3-dimensional positioning of photos [2] and user fly-throughs that are appealing for some users, but disorienting for others.
The multimedia objects supported by MBB can be classified into three categories; visual object, audio object, and file/URL object. The visual object category contains text objects, image objects, and moving picture objects. Users can type in text strings on the board to make annotations of other objects or to display the text messages. Image objects and moving picture objects can be dragged onto the board from the file browsers or other applications. Users can freely move and resize the visual objects on the board. The audio objects include the sound and voice objects. Voice objects record the users' voice and generate an audio file that can be used for annotating other objects or for posting voice messages. Sound objects are used for posting built in audio files on the board. The File/URL category is used for transferring files or accessing the URLs through MBB. This category contains web objects, office document objects, and miscellaneous file objects. When users drag a URL from a web browser onto the board, the MBB client automatically generates the thumbnail of the web page and places it on the board as a web object. The MBB can also be used as a storage archive system with the miscellaneous file objects. Users can upload any type of files by dragging them from a file browser onto the board, or download a file from the board by double clicking on a miscellaneous file object. Since the visual displays of the office documents help users easily identify them, the thumbnail image of the office document is automatically generated when it is dragged onto the board. Simple drag-and-drop interaction is used as a basic metaphor for composing messages such as add, delete, move, resize, link, and so on. This was intended to minimize users' burden of managing and posting the objects on the board. Like other asynchronous communication systems, all the changes occurred on the board are updated and sent to the server only after users press the submit button. 
Dynamic Layout Template
We developed the concept of dynamic layout template (DLT) to dynamically restructure the layout of the multimedia messages on the board. In MBB, all the multimedia objects and their relations on the board are represented as a graph structure. Each of the multimedia objects represents a node and a relation between the multimedia objects represents a link. The flow algorithm defined in the MBB projects the internal data representation (graph) onto the 2D space (board). DLT enables users to restructure any part of a board layout dynamically by applying a new flow algorithm to the designated part of the internal data representation. Figure 2(a) shows the sample personal photo collection board created by three users. Image objects with captions (text objects) on the board are clustered into a few groups according to the related events by end-users. Figure 2(b) shows the transformed board layout after two DLTs (fencegrid and circular DLTs) have been applied to each type (image and text) of the multimedia objects on the board. Fence grid DLT is the layout template that places the grid cells along the four sides (top, right, bottom, and left) of the window. Users can specify the number of the horizontal and vertical cells in it. Circular DLT places the objects along the circumference of the circles. Users can select the number of concentric circles and the number of points where the objects will be placed. In Figure 2 (b), image objects are sorted by creation time and arranged clockwise around the board with same size. Similarly, text objects have been arranged along the circumference of the circular DLT that is placed inside the fence-grid DLT. With this newly formed layout, users can see the image objects more clearly in chronological order without any occlusions. Figure 3(a) shows the sample web bookmarks board created by a single user. The user dragged some interesting URLs from the history of a web browser onto the board to save them as his favorites or bookmarks. The automatically generated web objects are placed on the board according to the user's grouping mechanism just as in Microsoft's Data Mountain [4] . Figure 3(b) shows the newly generated layout of the board by applying two calendar DLTs. All the web objects are arranged inside the calendar DLTs. If more than one web object is placed within a grid cell, users can choose either a tile (no occlusion but different size) or cascade (allow occlusions but equal size) arrangement. In this example, the upper left calendar DLT uses the cascade arrangement and lower right DLT uses the tile arrangement. It also shows a good example of applying the different ontologies to the same data set through DLT.
MBB users can choose any number of DLTs simultaneously and apply them to the designated subset of the messages on the board. Users can select the subset of the message objects by object types, authors, time period, etc. and they can also select the objects by specifying a rectangular region on the board. DLTs were designed and implemented as resizable see-through windows to maximize the visibility of the objects and the flexibility of object management. In order to minimize users' confusion that may come from the sudden layout change, all the layout transformations performed by DLTs are animated.
In our initial prototype, we implemented five sample DLTs: grid (2D row by column), fence-grid (2D row by column but using only outside rows and columns), calendar (shows a month organized by weeks), circular (objects are evenly spaced in a circle that fits the board), and spring model (circular with a central image and no overlapping links). Our current research is identifying other DLTs that are useful for MBB systems through user studies. Future research will include the development of a DLT toolkit that enables users to define their own DLTs.
Conclusions
The Dynamic Layout Templates developed in the Multimedia Bulletin Board enable users to manage and reorganize large numbers of multimedia objects. The DLT makes it possible for users to transform the layout of the multimedia messages in a way that would be most appropriate for their sophisticated tasks. In addition, the DLT enables users to see the content of the multimedia objects in meaningful contexts, such as calendars. DLTs can be used to construct new information through the 2D spatial layouts, and also to apply appropriate ontologies.
Future research includes generalizing the concept of DLT so that it can be applied to other application areas such as desktop, document, and window management systems.
